Context: Optimizing cognitive performance and preventing cognitive impairments that result from exposure to high-stress situations are important to ensure missionreadiness for military personnel. Objective: This systematic review assesses the quality of the evidence for plant-based foods and beverages, or their phytochemical constituents, across various outcomes related to cognitive function in healthy adult populations to develop research recommendations for the military. Data Sources: PubMed, CINAHL, Embase, PsycInfo, and the Cochrane Library were searched. Study Selection: Peer-reviewed randomized controlled trials published in the English language were eligible. Data Extraction: Twenty-five trials were included and assessed for methodological quality, and descriptive data were extracted. Data Synthesis: The acceptable (n ¼ 16) to high-quality (n ¼ 4) studies produced either no statistically significant effect or mixed results for enhancing cognitive function. Conclusions: The evidence suggested that healthy populations do not experience significant changes in cognitive performance when consuming soy-and non-soysourced isoflavones or cocoa. Heterogeneity among other interventions precluded reaching formal conclusions surrounding the evidence. Research recommendations are offered, including conducting more studies on the effect of plant-based interventions on populations reflective of military populations when exposed to militarylike situations.
INTRODUCTION
Although nutrition has long been recognized as a determinant of health, well-being, and performance, the relationship between nutrition and cognition has recently become an active area of study. 1, 2 Emerging evidence suggests that plant-based foods and beverages, or their phytochemical constituents, may improve cognitive health by providing critical bioactive compounds, particularly for older populations who suffer from cognitive decline. [3] [4] [5] The mechanism of the effect of polyphenols, in particular, on the brain has been explored, and it is believed these phytochemicals work by modulating cellular signal transduction pathways in the brain. 6 The bulk of the current body of literature focuses primarily on aging populations or those with dementia rather than examining the optimization of cognitive brain performance of healthy adults. It is unclear whether the dietary interventions examined in the aging would be effective for cognitive function in healthy adult populations, particularly for the purposes of maximizing mission-readiness and sustaining performance under high-stress, military-like conditions. Sustained attention, quick recognition, and accurate decision making are critical in accomplishing mission objectives. These cognitive capabilities are often compromised during military operations when service members are challenged by physical, psychological, and environmental stressors. Research has shown that attention is adversely affected by heat stress, 7 cold stress, 8 and sleep deprivation. 9 The physical challenges of working in body armor have been associated with deficits in cognitive performance, 10 particularly executive functioning. Other mission-relevant cognitive capabilities are strongly affected by combat stress, 11 traumatic stress, 12 and physical and traumatic brain injury. 13 Continuous optimal performance, resilience, and recovery from injury depend on sustaining cognitive capabilities and capacities. This systematic review presents the existing evidence on the effect of plant-based foods and beverages, or their phytochemical constituents, on cognitive performance for the cognitively healthy warfighter. Recommendations based on the gaps that currently exist in the research are also offered.
METHODS
The aims of this particular review were to (1) assess the evidence for the quantity, quality, and efficacy of plantbased foods and beverages, or their phytochemical constituents, that are commonly incorporated in a normal diet across various cognitive functions (ie, memory, verbal fluency, attention and vigilance, simple and complex reaction time, psychomotor performance, problem solving and reasoning, and global measures) in healthy adult populations; (2) perform an analysis of what the authors believe are essential reporting criteria for studies involving nutritional elements as interventions; (3) describe the characteristics and safety of the interventions as reported in each included study; (4) provide an overall synthesis and interpretation of the evidence to draw initial conclusions for the military population; and (5) identify research gaps to guide a future research agenda. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses standard reporting guidelines were followed for this systematic review. A steering committee (SC) and subject matter experts (SMEs) convened to develop the protocol and define the research question, as well as to synthesize the overall evidence gathered through the systematic review. 14 The criteria used to define the research question are presented in Table 1 ; the population, intervention, comparison, outcomes, and study design strategy was used.
Literature search strategy
The following databases were searched from their inception through January 2014: PubMed, CINAHL, Embase, PsycInfo, and Cochrane (Clinical Trials). Searches were limited to peer-reviewed randomized controlled trials (RCTs) presented in the English language. ( The complete details of the search strategy executed are reported in an accompanying article within this supplement.
14 ) Using the predefined study eligibility criteria described in another article within this supplement, 14 the literature was screened for the purpose of scoping the literature and identifying relevant dietary interventions to investigate.
Quality assessment and data extraction
For all data entry and execution of the systematic review, Mobius Analytics Systematic Review System (Mobius Analytics Inc, Ottawa, ON, Canada) was used. Table 1 Description of the PICOS criteria used to define the research question, "What is the evidence for plant-based foods and beverages or their phytochemical constituents on cognitive functioning of the brain in otherwise healthy adults?"
Parameter Description
Population Healthy adult participants in both military and civilian populations aged !17 y Intervention A plant-based food or beverage or a phytochemical constituent used as the sole nutritional element within an intervention and ingested orally To be eligible, the intervention had to be a phytochemical-rich, plant-based food or beverage that is normally incorporated into meals. Examples include fruits, vegetables, beans, nuts, seeds, and culinary herbs and spices. Wholeplant forms as well as extracts originating from the commonly consumed plants were included. Articles were excluded if the intervention was derived synthetically.
Comparison
No treatment, placebo, or any other active therapy Outcome Cognitive brain function: memory; verbal fluency; attention and vigilance; simple reaction time; complex reaction time; psychomotor performance; and problem solving and reasoning Study design Peer-reviewed randomized controlled trial published in the English language
Six investigators reviewed in duplicate all articles meeting eligibility criteria. All conflicts were tracked and resolved through consensus meetings or by consulting the SMEs. All articles meeting the review's predefined inclusion criteria, as described in Table 1 , were assessed for methodological bias using the Scottish Intercollegiate Guidelines Network (SIGN) 50 Checklist. 15 Authors conducted an analysis to examine the reporting of 4 criteria within the included studies specific to the intervention, including (1) preparation of food, diet, or supplement used in the intervention; (2) baseline/background diet; (3) control of diet during the intervention; and (4) content analysis of nutritional element used as the intervention. Referred to as the Standardized Reporting Interventions in Clinical Trials of Nutritional Elements (STRICT-NE) analysis, these are criteria believed to be essential to report within studies involving nutritional element interventions to ensure transparency and reproducibility for future studies. 16, 17 Additionally, data were extracted to describe the characteristics and safety as reported in each of the included studies.
Data synthesis
Formal meta-analysis was not feasible due to the wide heterogeneity found across studies and among the various intervention types and outcome metrics for cognition reported in the included studies. 18 Instead, the SMEs and SC convened at a 2-day expert panel meeting to review the evidence from the systematic review and develop conclusions and research recommendations based on the gaps that emerged using a modified Grading of Recommendations, Assessment, Development, and Evaluation approach. 19 The full methodology is detailed in another article within this supplement. 14 
RESULTS

Selection of articles and study characteristics
Of the 7051 citations yielded through the broad search strategy 14 for nutritional interventions, 25 RCTs examined the effect of plant-based foods and beverages, or their phytochemical constituents, on cognitive functioning of the brain in otherwise healthy adults and were included in the present systematic review. For the broader research question aimed at identifying other dietary interventions relevant for military readiness, 14 51 other studies, as well as 2 of the studies included in this review, 20, 21 met the eligibility criteria; these are detailed in 3 additional systematic reviews found within this supplement ( Figure S1 in the Supporting Information online). [22] [23] [24] The 25 studies included in the present review were published between 2001 and 2013 and involved a total of 1984 healthy adult participants (10.4% male; 79.0% female; 10.6% not described), with reported mean ages ranging 23.8-75.0 years. Fifteen studies involved isoflavones, including isoflavones derived from soy (Glycine max L.; n ¼ 13) 20, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and non-soy-derived isoflavones (n ¼ 2). 37, 38 Three studies involved cocoa or chocolate (Theobroma cacao L.). [39] [40] [41] One study each arose for the following 4 plant-based foods and beverages: black seed/black cumin (Nigella sativa L.), 42 cranberry juice (species not stated), 43 goji berry juice (Lycium barbarum L.), 44 and rosemary (Rosmarinus officinalis L.). 45 In addition, 1 study each emerged for Spanish sage essential oil (Salvia lavandulifolia Vahl), 46 lutein, 21 and resveratrol. 47 Twenty-three of the 25 studies compared a plant-based food, beverage, or phytochemical constituent to placebo, and 2 of those 23 included additional comparator arms consisting of other nutritional ingredients. 21, 26 The remaining 2 studies used comparators other than a placebo. 20, 38 Cognitive functionrelated outcomes captured in this review were subcategorized into memory, verbal fluency, attention and vigilance, simple and complex reaction time, psychomotor performance, and problem solving and reasoning. The global measure Mini-Mental Status Examination (MMSE) was also captured. The majority of studies assessed cognitive outcomes at baseline and after the intervention (Table 2) .
Quality assessment
According to the SIGN 50 criteria to assess methodological bias, 4 studies were rated high quality [þþ], 16 were rated acceptable quality [þ], and 5 were rated low quality [0] . The majority of studies reported dropout rate and validity of outcome measures well and adequately addressed an appropriate and clearly focused question, blinding, and baseline similarities and differences between treatment groups. The majority of studies poorly addressed randomization, allocation concealment, and intention-to-treat analysis. Multisite comparability was not applicable for this review (Table  S1 in the Supporting Information online).
Standardized reporting interventions in clinical trials of nutritional elements analysis
The STRICT-NE analysis was conducted to determine whether authors described essential reporting criteria for nutritional intervention studies. An analysis based on the 4 STRICT-NE criteria is provided below, as well as in Table S2 in the Supporting Information online. No differences between groups in number or type of symptoms reported Memory WMS-R: short story: high-soy improved significantly vs low-soy (P < .05); within the high-soy group: significant improvement over time (P < .05);
within the low-soy group: NS differences compared with baseline CANTAB, delayed matching to sample test: high-soy improved significantly vs low-soy (P < .05); within the high-soy group, significant improvement over time (P < .05); within the low-soy group, NS differences with a trend toward slower matching compared with baseline
Pictures of common objects: high-soy improved significantly vs low-soy (P < .05); with the high-soy group, significant improvement over time (P < .05); within the low-soy group, NS differences compared with baseline
Verbal fluency WAIS-R, word generating task: high-soy improved significantly vs low-soy (P < .05)
Category generation task: NS differences between groups Attention and vigilance Not reported For all 25 studies, the researchers provided information about how the nutritional intervention was prepared. Likewise, they all reported on the method of delivery: capsules or tablets (n ¼ 14), 21, [28] [29] [30] [31] 33, 34, [36] [37] [38] 42 ,46,47 a whole-diet intervention consisting of both commercially available foods and foods prepared by the researchers (n ¼ 1), 20 or the intervention was combined in or with a beverage (n ¼ 10). [25] [26] [27] 32, [39] [40] [41] [43] [44] [45] Information on who prepared the intervention was provided for all but 1 study, 28 with the majority of interventions being prepared by a third party.
Information about the participants' diets prior to enrollment in the study was reported with varying degrees of detail for 17 of the 25 included studies. 21, 25, 26, 28, [30] [31] [32] [33] [34] [36] [37] [38] [39] [40] 43, 44, 47 Assessments of prior diet included the participants' entire diet (n ¼ 4), 21, 32, 38, 44 consumption of alcohol, illicit drugs, medicine, or herbal supplements (n ¼ 3), 37, 40, 47 and consumption of foods or supplements containing the substance under investigation or with related properties (n ¼ 10). 25, 26, 28, 30, 31, 33, 34, 36, 39, 43 For 2 of the 25 included studies, the reports indicated the participants' diet was not altered in any way, whereas for 16 studies some alteration of the participants' diets was reported. 20, [25] [26] [27] 29, 31, 32, 34, 36, 37, [39] [40] [41] [42] 46, 47 Methods included the following: fasting (n ¼ 1) 47 or abstaining from caffeine before testing (n ¼ 1), 42 fasting and/or abstaining from stimulants and foods containing the substance under investigation during the study period (n ¼ 8), 34, 37, [39] [40] [41] [44] [45] [46] and consuming specific diets, often prescribed by a dietician, to control the intake of a particular substance or ensure nutritional balance (n ¼ 6). 20, 26, 31, 32, 41, 46 It should be noted, only 1 of the 3 cocoa/chocolate studies limited the intake of caffeine, 40 which can impact cognitive performance. Additionally, background diet during the study period, regardless of whether or not it was controlled, was monitored in 4 studies through self-reporting by the participants (eg, food journals). 21, 29, 41, 46 For 9 of the 25 studies, it was reported that laboratory analyses were performed to verify that the intervention contained the intended amounts of the given constituent under study. 25, 26, 31, 36, 39, [44] [45] [46] [47] Of those 9, 3 of the analyses were conducted by the manufacturers, 26 ,39,47 and 6 did not specify who performed the analysis. 25, 31, 36, [44] [45] [46] For 5 of the 9 studies, the methods used to analyze the treatment components were reported; these included gas chromatography-mass spectrometry (n ¼ 2) 45, 46 and high-performance liquid chromatography (n ¼ 3). 26, 36, 47 It should be noted that 1 study that examined the effect of cranberry juice on cognitive function failed to identify the scientific name of the species used as an intervention. 43 
Funding source
Of the 15 studies on isoflavones, the source of funding was identified in 13 as follows: government grants (n ¼ 3), 25, 35, 36 private nonprofit organizations (n ¼ 2), 20, 30 industry sponsorship (n ¼ 3), 33, 34, 37 and industry sponsorship with other funding derived from public sources (n ¼ 4) 26, 31, 32, 38 or private nonprofit sources (n ¼ 1). 29 The 3 studies on cocoa products [39] [40] [41] and the studies investigating goji berry juice, 44 lutein, 21 Spanish sage essential oil, 46 and rosemary 45 were industry supported. A private nonprofit group specializing in cranberries funded the study on cranberry juice. 43 Two universities internally funded the study investigating trans-resveratrol. 47 Information on a funding source was not provided for the study investigating black cumin 42 ( Table 2) .
RESULTS ANALYZED ACCORDING TO PLANT-BASED FOOD OR BEVERAGE INTERVENTION Isoflavones
Fifteen studies, which involved a combined total of 1446 participants, investigated the effect of isoflavones on cognitive performance in healthy participants. Most studies focused on postmenopausal women, and the majority of participants were middle-aged to elderly females (male: 4.8%; female: 95.2%). Reported daily dosages ranged from 60 to 116 mg for durations of 6 weeks to 2.5 years. Of the soy-based isoflavone studies (n ¼ 13), 2 were high-quality studies, 25,36 9 were acceptable-quality studies, [26] [27] [28] [29] [30] [31] [32] [33] [34] and 2 were low-quality studies. 20, 35 Of the non-soy-based isoflavone studies (n ¼ 2), the red clover (Trifolium pratense L.) study 37 was rated high quality, and the kudzu (Pueraria lobata [Willd.] Ohwi) study was rated acceptable quality. 38 Thirteen of 15 studies compared isoflavones with placebo. 25-34 -37 One of these studies was a 3-armed study: soy milk plus a placebo capsule, cow's milk plus a soy isoflavone capsule, or cow's milk plus a placebo capsule, which acted as the control arm. 26 The final 2 studies did not involve placebo. The first study compared a highsoy diet to a low-soy diet. 20 The second study was a 3-armed study that compared isoflavones, hormone replacement therapy (HRT), and no treatment. 38 Adverse events. Of the 15 isoflavone studies included in this review, adverse events were reported to occur but were not described in 1, 33 no information on adverse events was reported for 6, 20, 26, 29, 30, 34, 35 no adverse events occurred in 1, 37 and adverse events were both reported and described for 7. Six of these 7 studies, 25, 27, 28, 31, 32, 36 which involved a combined total of 954 participants, used soy isoflavones, and the most common adverse events were in the musculoskeletal followed by gastrointestinal and respiratory categories. Neurological, urogenital, dermatological, and other minor adverse effects were also reported. Three studies conducted a statistical analysis of the frequency of adverse events and no significant differences between the intervention and placebo arms were reported. 31, 32, 36 For the single study of non-soy isoflavones (kudzu; n ¼ 136 participants) 38 for which adverse events were reported, urticarial rashes in the isoflavone arm were described. Stomach pain and acne were reported in the HRT arm. The number of occurrences was not reported ( Table 2 ).
Memory. For 14 studies, 12 of which involved soy isoflavones and 2 of which involved non-soy isoflavones, memory outcomes were reported for the combined total of 1358 participants. The results were mixed for the soy isoflavone studies of high and acceptable quality. The 2 high-quality studies did not find significant results compared with placebo. 25, 36 Of the 8 acceptable-quality studies, 5 found no significant differences between isoflavones and placebo. 26, 27, [32] [33] [34] The 3 remaining acceptable-quality studies reported positive results favoring soy isoflavones versus placebo for a few outcomes, but results for most outcomes were not statistically significant. [29] [30] [31] Both of the low-quality studies involving soy isoflavones found significant results in favor of soy isoflavones. In 1 study, the high-soy diet group outperformed the low-soy diet group. 20 In the second study, soy isoflavones performed significantly better versus placebo. 35 Results for the 2 studies involving non-soy isoflavones were mixed. The high-quality study 37 found no significant differences between red clover-sourced isoflavones and placebo, whereas the acceptable-quality study 38 found a significant improvement in favor of kudzu-sourced isoflavones versus no treatment.
Verbal fluency. For 12 studies, 10 of which involved soy isoflavones and 2 of which involved non-soy isoflavones, verbal fluency outcomes were reported for the combined total of 1251 participants. Results were mixed, although mainly not significant, for the highand acceptable-quality studies of soy isoflavones. Both of the high-quality and 5 of the acceptable-quality studies found no significant benefit compared with placebo. 25, 27, 29, 30, 32, 34, 36 Of the remaining acceptablequality studies, 1 found that the isoflavones group significantly outperformed the placebo group, 33 whereas the remaining study had mixed results, with a single positive finding among findings that were not significant. 31 Results for the 1 low-quality soy isoflavones study were mixed: the high-soy diet group significantly outperformed the low-soy diet group in 1 of 2 tasks. 20 Both studies assessing the effects of non-soy isoflavones found no treatment effect. 37, 38 Attention and vigilance. For 13 studies, 11 of which involved soy isoflavones and 2 of which involved nonsoy isoflavones, attention and vigilance outcomes were reported for the combined total of 1297 participants. Results were mixed for the soy isoflavone studies of high and acceptable quality. Both of the high-quality studies found no significant change versus placebo. 25, 36 Of the 7 acceptable-quality studies, 1 study found significant differences in favor of isoflavones versus placebo 29 ; 2 studies found no significant differences between isoflavones and placebo 30, 32 ; 2 studies had mixed results, with isoflavones performing better than placebo only on a single outcome out of several 28, 34 ; 1 study found the isoflavone group performed significantly worse than the placebo group 31 ; and the final study found that the soy milk group performed worse than the isoflavones or control groups in 1 of 5 tasks. 26 Both of the low-quality studies of soy isoflavones found no treatment effect. 20, 35 Of the 2 studies on the effects of isoflavones from non-soy sources, results were mixed. The high-quality study found no significant differences between red clover and placebo. 37 The acceptable-quality study found that the groups receiving kudzu-sourced isoflavones or HRT both improved significantly compared with the no-treatment group. 38 Psychomotor performance. For 9 studies, 7 of which involved soy isoflavones and 2 of which involved nonsoy isoflavones, psychomotor performance outcomes were reported for the combined total of 1138 participants. Results were largely statistically not significant for the soy isoflavone studies of high and acceptable quality. The 2 high-quality and 4 acceptable-quality studies found no significant effects of the treatment versus placebo. 25, 27, [32] [33] [34] 36 The remaining acceptablequality study found a significant positive effect in favor of isoflavones compared with placebo. 31 Neither of the studies involving non-soy isoflavones (1 of high quality; 1 of acceptable quality) found any significant differences between the groups receiving isoflavones from non-soy sources and controls. 37, 38 Problem solving and reasoning. For 13 studies, 11 of which involved soy isoflavones and 2 of which involved non-soy isoflavones, problem solving and reasoning outcomes were reported for the 1289 combined participants. Results were largely not significant when soy isoflavones were compared with placebo in the high-and acceptable-quality studies. The 2 high-quality and 4 acceptable-quality studies found no significant differences between groups. 25, 27, [32] [33] [34] 36 Two acceptablequality studies found that the intervention improved performance on 1 of 2 tasks. 29, 30 In the final acceptablequality study, the isoflavone group performed significantly worse on 1 of 2 tasks. 31 Results were mixed in the 2 low-quality soy isoflavone studies. One study found that the high-soy diet group improved more significantly than the low-soy diet group for 1 task, and for another task, only the females in the high-soy group improved. 20 The other study 35 found no significant differences when comparing isoflavones with placebo. Results for the 2 studies involving non-soy sources of isoflavones were mixed. The high-quality study found no significant differences between red clover-sourced isoflavones and placebo. 37 The acceptable-quality study found the kudzu-sourced isoflavones group improved significantly more than the no-treatment group. 38 Global cognitive measures. For 3 studies, 2 of which involved soy isoflavones and 1 of which involved nonsoy isoflavones, the use of a global measure, the MMSE, was reported for the combined total of 538 participants. Neither of the 2 soy isoflavone studies, 1 high quality 36 and 1 acceptable quality, 32 found a significant treatment effect when comparing isoflavones with placebo. The third study was of acceptable quality and found the kudzu-sourced isoflavones arm improved significantly more than the HRT and no-treatment arms. 38 Cocoa/chocolate (Theobroma cacao L.)
Three of the included studies, which involved a combined total of 251 middle-aged to elderly participants, investigated how cocoa/chocolate affects cognitive performance in healthy participants. [39] [40] [41] All 3 were rated as being of acceptable methodological quality. Two studies compared doses of 250 mg or 500 mg of cocoa polyphenols given as beverages with placebo over 30 days. 40, 41 The final study compared 1 dark chocolate bar combined with 8-ounces of cocoa beverage with placebo over a 6-week trial. 39 The cognitive function categories evaluated in these 3 studies were memory, attention and vigilance, simple and complex reaction time, and psychomotor performance. No study found any statistically significant differences between the cocoa/chocolate groups versus placebo group across any of the outcomes measured (Table 2) .
Adverse events. Among the 3 studies investigating chocolate/cocoa, information on adverse events was not provided for 1 40 and was provided for the other 2 (n ¼ 188 participants). 39, 41 The most common category of adverse events was gastrointestinal, with the majority of incidents occurring in the control arm. Other categories included musculoskeletal, neurological, cardiovascular, dermatological, respiratory, and other minor events. All other adverse events were described as minor (Table 2 ).
Other plant-based interventions
Four of 7 additional studies in this review examined the cognitive effect of plant-based foods or beverages, [42] [43] [44] [45] and 3 studies examined the effects of phytochemical constituents or extracts sourced from food plants. 21, 46, 47 For 5 of these studies, no information on adverse events was provided, 21, 42, 43, 46, 47 whereas for the remaining 2 studies it was reported that no adverse events occurred. 44, 45 Results of these 7 studies are described in detail below.
Black cumin (Nigella sativa L.). An acceptable-quality study, involving 47 elderly male participants, investigated the effects of black cumin on cognitive performance. Participants were given either a daily capsule of 1000 mg of crushed black cumin or placebo over 9 weeks. 42 The treatment group performed significantly better than the placebo group in measures of memory, psychomotor performance, and problem solving and reasoning. Results for measures of attention and vigilance were mixed, with the treatment group outperforming the placebo group for some measures but not others. 42 Cranberry juice (Vaccinium sp.). A high-quality study, involving 50 participants aged >60 years, evaluated the effect of cranberry juice on memory, attention and vigilance, psychomotor performance, and problem solving and reasoning. 43 Participants were given either a daily dose of 32 ounces of cranberry juice or placebo over 6 weeks. The study found no differences between groups.
Goji berry juice (Lycium barbarum L.). A low-quality study, involving 60 healthy participants aged 55-72 years, investigated the effects of a daily dose of 120 mL of goji berry fruit juice versus placebo on memory and attention and vigilance for 30 days. 44 No significant differences between the treatment and placebo groups were observed.
Rosemary (Rosmarinus officinalis L.). A low-quality study, involving 28 elderly participants with a mean age of 75 years, evaluated the effects of a single dose of 750 mg, 1500 mg, 3000 mg, and 6000 mg of dried, powdered rosemary versus placebo on cognitive performance. 45 The study revealed significant improvement in speed of memory for a 750 mg dose, but a significant decrement in speed at 6000 mg. No treatment effect was observed at the 2 intermediate doses for memory.
Results for attention and vigilance were mixed, with 2 of 4 measures revealing worse outcomes for rosemary compared with placebo. 45 Spanish sage (Salvia lavandulifolia Vahl). A single lowquality study, involving 36 healthy participants with a mean age of 23.8 years, compared the effects of a single dose of 50 lL of Spanish sage essential oil versus olive oil on cognitive performance. 46 For memory, the study found that the treatment produced better outcomes than the control for some tasks but not others. For attention and vigilance, a significant difference between the treatment and control groups was observed for 1 of 4 tasks. The essential oil group performed significantly better than the control group on a test of simple reaction time. No significant group differences were observed for complex reaction time. 46 Lutein. A 4-armed acceptable-quality study, involving 57 elderly females (aged 60-80 years), compared the effects of lutein, the n-3 fatty acid docosahexaenoic acid (DHA) 22:6 (n-3), lutein plus DHA, and placebo on cognitive performance over 4 months. 21 Only withingroup results were reported. For memory, only the lutein plus DHA group demonstrated improved postintervention scores. For verbal fluency, all treatment groups performed better post-intervention versus baseline, whereas the placebo group did not improve. No significant within-group differences were reported for measures of attention and vigilance. 21 Resveratrol. An acceptable-quality study, involving 9 participants with a mean age of 24.8 years, examined the effects of trans-resveratrol on attention and vigilance. 47 After 3 days of treatment, no effect of transresveratrol on attention and vigilance was observed at either a daily dose of 250 mg or 500 mg versus placebo.
DISCUSSION
Overall evidence synthesis
This systematic review found that the effect of isoflavones across all cognitive outcomes reported were largely not significant among healthy older adults. Moreover, research with younger participants with relevant military-like stressors, such as sleep deprivation, extreme environmental factors, or physical exertion, are lacking, which further limits the applicability of these studies to the military population. Just under half of the isoflavone studies (n¼ 7) included an evaluation of safety and reported the findings. Isoflavones appeared safe, with infrequent adverse events, but better reporting is needed. Based on results that were largely not significant, a weak recommendation was provided by the SMEs and SC against the use of isoflavones for the enhancement of the following cognitive outcomes in healthy adults: memory, verbal fluency, attention and vigilance, psychomotor performance, and problem solving and reasoning. Although the results were consistent, a large number of inconsistent outcome tools were used to measure the effects, and the sensitivity of these metrics to detect superior, average, below-average, and normal cognitive performance circumstances is not clear. Whether the studies were sufficiently powered to detect a small beneficial effect was under-reported; the largest study, a high-quality study with 350 participants, was designed to detect effect sizes of 0.32 at 80% power. 25 This could allow a smaller effect to go undetected.
In addition, the studies that investigated performance on the global measure MMSE, which is clinically used as a screen for dementia, demonstrated mixed results. Based on the limited evidence currently available, no recommendation was provided for the use of isoflavones to enhance performance on the MMSE. Moreover, there would be no utility in using a screening test for dementia to measure optimized cognitive performance in uninjured, young, healthy military members; another global outcome tool would be necessary.
This review found no significant differences between cocoa/chocolate and placebo for the cognitive outcome of attention and vigilance. None of the 3 studies in this category exposed their participants to military-like stressors. Safety was reported in 2 of the 3 studies, and cocoa/ chocolate appeared safe, with infrequent adverse events and interactions. The SC and SMEs agreed that further research would likely have an important impact on confidence in the estimate of effect and might change it; a weak recommendation against the use of cocoa or chocolate for attention and vigilance in healthy participants was provided. Whereas 3 studies examined the effect of cocoa/chocolate on attention and vigilance, only 1 of 2 studies investigated the effect of cocoa/chocolate on memory, simple and complex reaction time, psychomotor performance, and problem solving and reasoning. No significant beneficial effects were found across these cognitive outcomes. The SC and SMEs agreed that more research is needed to evaluate the effect of cocoa/chocolate on these cognitive outcomes in healthy participants to be able to make conclusions and recommendations about these topics (Table 3) .
Because black cumin, cranberry juice, goji berry juice, rosemary, Spanish sage, lutein, and resveratrol were each investigated in a single study and all of the studies involved small sample sizes, further research is needed on the effects of these interventions on cognitive performance in healthy participants in order to draw meaningful conclusions and recommendations.
Strengths and limitations
This review has some limitations, notably the exclusion of studies involving unhealthy populations and studies that were not RCTs. This review was meant to identify plant-based nutritional interventions that might help optimize the cognitive function of the healthy military service member to increase or sustain mission performance. Therefore, the decision to include only studies involving healthy populations was reached. Results emerging from this review indicate that cognitive performance in healthy people consuming a plant-based food or beverage does not significantly change; these populations tended to stay cognitively healthy. Future research efforts focusing on plant-based nutritional interventions to sustain cognitive performance in military populations and improve performance in those with anxiety, depression, at increased risk for suicide, concussions and other traumas, pain, and posttraumatic stress symptoms are recommended. In addition, this review only included RCTs published in the English language. Finally, the authors acknowledge that long-term, prospective, observational research may be needed to assess how the intake of plant-based foods and beverages might impact cognitive performance over years and decades.
Gaps in the literature and research recommendations for the field Several research gaps were revealed through this systematic review. First, the research community uses a large number of different cognitive performance outcome tools. This lack of standardization creates confusion and restricts the ability to pool results across studies. The lack of standardized, valid, and sensitive cognitive outcome tools used to study military populations, as opposed to those currently used to detect the threshold of disease and disability, is a gap in the current literature that needs to be addressed.
Second, the populations studied, across the majority of the included studies, were not sufficiently generalizable to the military population of interest. Of the 25 studies included, 21 were made up of participants identified as middle-aged, elderly, or postmenopausal. Twelve of the 15 studies investigating isoflavones focused on postmenopausal women, showing some positive benefit in each of the cognitive outcome categories. In fact, a recent meta-analysis reported soy isoflavones seem to have a positive effect on summary cognitive function and visual memory in postmenopausal women and that geography and treatment duration seem to be factors in influencing the effects. 48 The included studies involving younger populations had small sample sizes and, hence, were likely not powered to detect small effect sizes. Although the results of some of the studies in this review may be informative for older or retired military service men and women, additional studies involving a population reflective of the active military population are needed to decide whether these interventions affect cognitive performance, particularly whether they are effective for sustaining and enhancing military performance. This being said, it is important to note that the SC made a deliberate choice to not set an upper limit to the age of the population included within this review because it is essential to ensure optimal cognitive performance during military operations 49 and throughout the various challenges military personnel may face in the future. The Veterans Health Administration was established with the mission Refers to the likelihood that future research will change the confidence in the estimate of the effect, adapted from the GRADE Working Group approach: 19 A, high confidence in the estimate of the effect; B, moderate confidence in the estimate of the effect; C, low confidence in the estimate of the effect; D, very low confidence in the estimate of the effect. b From þ2 (appears safe with infrequent adverse events) to À2 (appears to have serious safety concerns, including frequent and serious adverse events). Ranges from strong recommendation in favor of or against (ie, very certain that benefits do, or do not, outweigh risks and burdens); no recommendation (ie, evidence is lacking to make any recommendation); weak recommendation in favor or against (benefits and risks and burdens are finely balanced, or appreciable uncertainty exists about the magnitude of benefits and risks).
of honoring America's veterans and providing exceptional health care to them. 50 The Veterans Health Administration bears the responsibility of improving veterans' health and well-being and treating cognitive disorders that may emerge later in life, including Alzheimer's disease. 51 Cognitive health needs to be an issue of lifelong importance for the military and veteran populations. The importance and need for preventative and resilience-promoting interventions throughout the life cycle are broadly recognized as critical to ensuring optimal cognitive performance. 52 Because of this, the present authors chose to include populations that would likely be retired. Moreover, results from studies looking at these populations could be generalized for preventative measures for active-duty service members to ensure optimal cognitive performance.
It is also important to highlight that none of the studies reviewed here involved military-like moderators. 14 Moderators are factors that cause a disruption or nonoptimal functioning for the study population. Future research testing the limits of human performance is needed to quantify if and how nutritional interventions affect cognitive performance in military environments.
Third, in general, a lack of research exists on this topic. Outside of isoflavones (n ¼ 15) and cocoa/chocolate (n ¼ 3), the remaining 7 studies covered 7 separate types of interventions. The majority of these studies involved small sample sizes. Whether the gold-standard RCT design is the right method for studying these phytochemicals remains questionable. In addition, consistency of protocols among studies is needed in order for conclusions to be drawn about each intervention.
Fourth, reporting across several SIGN 50 criteria, our proposed STRICT-NE criteria, and adverse events were inadequate. For RCT research to be successfully translated into practice, researchers will need to abide by reporting guidelines set forth by the Consolidated Standards of Reporting Trials. 53 Repeated methodological flaws in study design and inadequate reporting introduce bias and cast doubts on reported results.
Fifth, a majority of the studies included in this review used capsules or tablets to deliver the interventional nutritional element, which makes it easier for blinding participants in a study. All of the nutritional elements investigated are found in unprocessed fresh foods that could be consumed by military diners. The intake of fresh foods, particularly plants, may have a significantly different effect on the body compared with supplements isolated from a food. Larger, longterm studies investigating the impact of different dietary patterns on militarily relevant performance metrics, both with and without supplements, need to be conducted.
Recommendations for future research are presented in Box 1.
CONCLUSION
The majority of studies included in this review were of high or acceptable quality. Results of this systematic review revealed that, according to the RCTs examined, healthy older populations, particularly postmenopausal women (in the case of isoflavones), do not experience significant changes in cognitive performance and tend to stay healthy when consuming isoflavones as well as cocoa. Through the convening of an expert panel to interpret the results of this systematic review, a weak recommendation against the use of isoflavones for the enhancement of cognitive performance in general, and cocoa/chocolate for attention and vigilance specifically, was made. No recommendation was given for the use of isoflavones to enhance performance on the MMSE due to a lack of evidence. Seven additional intervention types (black cumin, cranberry juice, goji berry juice, rosemary, Spanish sage, lutein, and resveratrol) were represented by single studies. Further research is needed on these topics in order for conclusions about their effects on cognitive function to be made. Questions remain as to the generalizability of these results to the military. Several research gaps, including those from the STRICT-NE analysis, arose, leading to consensus recommendations to drive a future research Examine the effect of plant-based foods and beverages on cognitive performance in populations suffering from conditions important to, and present in, military populations, such as anxiety, depression, suicide risk, concussions and other traumas, pain, and post-traumatic stress.
Conduct long-term observational research trials and epidemiologic studies to further understand long-term consumption of plant-based foods and beverages, including how whole foods with and without supplements affect cognitive performance.
Standardize cognitive outcome tools that are both relevant to the military population across the range of military operations and capable of detecting effects above the threshold of disease or disability into the range of superior performance.
Improve study design and reporting by adhering to Consolidated Standards of Reporting Trials, using the proposed STRICT-NE criteria, and documenting adverse events in future study reports.
agenda, specifically involving military-like moderators. To understand the benefit-risk balance of plant-based foods and beverages or their phytochemical constituents on cognitive function, further work is needed to address these gaps, and evaluation of research methods other than RCTs may yield a better understanding of the evidence for plant-based nutritional interventions in helping to optimize cognitive function of the military and enhance mission-readiness.
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